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Weaisess the potential nse of mon spin relaxation (SR techiingue tomvestigate the dyvnannes of the maenet i

i hines tvortices s the mixed state superconductors

We argue that wath the lneh eritical temperaare anl

latee ansottopy found in some high temperature supercondu turs, one can use gSketo observe borh s and

dvnarne hehbaviors of vortices Recent experiments on B St atu, O are interpreted o this contest

I hieh temperatnre saperconductors, it s well known
that raenerie flux hines vortices s are mohile ar tem
petatires dose to the eritical teniperatare o doe o
Coeritad acinarions" However, the nature of the Tow
femperature vortes state remains to be canbed e
dotoniny hies soand o the vechingues enploved o
vetieatine the donannes at fow temperatnre. Al the
prestons methods pelied oo measnnime the tesponse of
sontpees atder external pertarbcoon o non egubibioem
cor boaration.” aned at s undearaf any of these methiods
[N 1:'.1“} he vised o -Vl]ll_\ the low ftemperatyre regines
where vortices are not very mobiie and respansive  One
exception s the hitter pattern decoraton experinent
However, this meod s limnted to very fow external
peld, and the easurement s done onlyoon the surtace

ol the satpnie o

il tebasation i psHo expernent o e
ottt band o rechmgae thant e bareels non pertat b
Pive to the wocteg .|I|v|v'\]»|1ill‘~lh" 'lll[L ”H\\l‘\l'l,lllu'

2 yis

tothe tevatnnele Son Bletime of aons taboot
Pl ot N e ec e ol g stndng the s
fee oo Weeet s vt oes Yok thyenT wairban oo h
e woanes b oy ntercond e tors I et thas
ot n s e nomeeas it Ve pene ot
Jerpr b Ut rhe oo ey as well as beel 0 s remie

.
wi bt toencb e s o

Fceerrasn e foaternal oo b 1 S0 a0

Voo thie voe voe o ta e strone's ancdale clewg

Iy due to the higher ansotropy (they have alnmost lavered
structures). and pSH may be capable of ivestigating
their dvaamic behavior. Let us votseler the necessan
criterton for this to be possible

The most inportant quantity in a gSH measuierent
ix the second moment of the teld distribntion’™ A8 =
ol =t where {

average over the muons” hiletimes To the case of <vat

cntaneds for vhe spatiad d 1o

for near static ryortices, Hos averaee is satme as st the
spatial averaee  Howevero i the case ol vern oiale
vortices, A s reduced due to the time averaeime
process One can see ths h.\ MHI[-:\ ll'll‘-l'l"!‘.'\[‘ the
peak (e the loghesti tine averaeed held the < temn
aton can observe, When the vortices wre frogzen .
simply the Bield at a vortes coreswhereas whenthe o

tices are tmobides thas held disrnhiation s simeated e b
Vatlex Tnobuon s Note thar neroge o ol o e Wit Lo

tices 1 L he st applies ta the s held e
that ot e shatved pawarndks Thoe NHS -t beone

sihaller when vontioes move

A rneore caberate anedvays Bas chow o faer b
even the tetnpetatare dependdemn e of - 0H e T
teted deperabine an how e ot o e wlivees T
stead of a standard DAY tope tenpenatene dee e
fegative cuveture werh tepperatose s ot g e o
positive carsatre

Foa the vortes ppof s to panafe o b v

Neee oty for oo vartey tooprae e g LN



significant fraction of the inter-vortex distances within
a muon’s hietime 1 The fraction needed i< abor 11 at
7. and the rmis distance [iom the arigingl posttion liav-
g 1A lke temperature dependence, consistent with
erher diffusive ar vibrating motion ) We cantonghlv e-
tirmiate from the resistiviny measarement of Refo Tl s
cotalihion is et Consder the tvpical speed at wlion
the vortices 1or vortex dises. in the case of lavered s
perconductorst niove in these experiments: Len s at
FOS~T0" N ms ot T ox Sul for BosroCacn O From
thiscand assuroceg that vortees ate independent ol each
other and thar Linstein’s relation holds. we canestimate
the diffusion constant for this material We tmd it o he
about 10" A Jivs a nwmber too Jarge 1o he reasonable,
Clearly,a cotrection s nesessary 1o account for the nore
nucroscopie theory of energy dissipation associated work
vortes motion However. the face that this namber targs
out to be so latee is an mdication that the vortices are
very mobile i B S Cacu, O, and that this motion can

he seenan psItexperiment.

The artnal experiment an BosCacngog has recenr Iy
Giown” that  ABY indeed shows positive carvatine
with temperatize at Ho= 3 and 1RhG We have com
pared these data with o theory, and obtaned a satis
factary aereemient af we nssime that the varnces pove
abonit 290N wirkin o mneon Sietane at £ The ove
all soale of AN s stiongle mthaenced Y the annonny
of vortex disarder present e the saniple as s canied
down to rhe loswesr posabie !"l]"u'l.lllll('» [herelone
e penetratia fegeth Vs dithe nle to estiate for Hhese

”|,|!l'1|.||\ \l".l-y!}u‘}n\\ v est i gt 1|||‘ teo b Aot
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Orie tdy oo <aoned tiat the thind ioment of the

freied

deanhatan AP s st as aportant e stady
e the low tenperatare vartey Dy rames T can e
e that the thed eanent o whin s amieange o
o aevrrnet e of the held s ool o sl when
Lot e e e ”‘ ) ~1|71;v". e o e fact e
T P bl bl Yo ngte the core thavne to |;-‘}'|, I (R
e hen b dc e et o e voneer b feog el neae et
frendd tael o woesated waithy the cone S b T e ey
obearvalde whan the vorte s oot e aall Thioe e
Ted e NAC i ditbeent tetperatate s one can o
cate the e "'llii"'?d"]l"“' Sortoe Wt "H‘

to b about dd b s nae o hcoaw whoe b N

shows a rapid increase [rom = 0 with lowerine tenner

1€} . . . .
ature! It seems to indicate that it is not a i<t ouder
phase transition {ergo. not melting). and 11 1< fonnd 1o

be consistent with a rapid crossover of the thernial o

tivation picture as well ax a second order or Noster Lz
Thouless transition. If the thermal activation mde' ap
phies, this “freesing” temperatnre mst be dependent on
the time and length <cales mvalved in the expernen

(for uSR. they are 2.0 s and a few hundred Ao

Finallv. since the held distribution mayv show o teey
perature dependent asvimmetiy as mentioned aboae b
15 clearly not suthcient to simply it a ganssian decas 1o
a pSRKR signal. It oan fact, does not even give i pone i
for Bi,Srcatu.00 We suspect that this will be thecase
for any mixed state supercanductors with Laeh el
temperature and large anisotropy, and we also hebeve
that it is essential to check H the quadiny of the it s <at
isfactory before (A etes are compnted. Othene e,

the result would be inaceurate and ne-lea iy
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